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Abstract 
Laser ablation multi-collector ICPMS is a modern tool for in situ measurement of S isotopes. Advantages of the technique are 
speed of analysis and relatively minor matrix effects combined with spatial resolution sufficient for many applications. The main 
disadvantage is a more destructive sampling mechanism relative to the ion microprobe technique.  Recent advances in 
instrumentation allow precise measurement with spatial resolutions down to 25 microns. We describe specific examples from 
economic geology where increased spatial resolution has greatly expanded insights into the sources and evolution of fluids that 
cause mineralization and illuminated genetic relations between individual deposits in single mineral districts.  
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1. Introduction 
Secondary ion mass spectrometry (SIMS), and laser ablation multi-collector inductively coupled plasma mass 
spectrometry (LA-MC-ICPMS)  produce S isotope data with high spatial resolution (Fig. 1a). In pseudo-medium 
resolution mode MC-ICPMS, allows for the separation of 33S and 34S from the 16O16O and 16O17O dimers with 
sufficient shoulder resolution to produce precise and accurate sulfur isotope data (Fig. 1b). Laser ablation in situ 
sampling of solids potentially provides information on processes at a level of detail unavailable in solution mode. 
Nowhere has this become more apparent than in economic geology where sulfur is commonly observed as sulfide or 
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sulfate minerals and where detailed, spatially controlled isotopic information is opening up new insights into the 
sources, and migration pathways of fluids. Here we provide two examples using a Nu Instruments Plasma HR MC-
ICPMS and New Wave 213 nm laser system: 1) a study of isotopic variations in the Silesia-Cracow (SC) District, 
Poland, a Mississippi Valley Type (MVT) system; and 2) a study of isotopic variations in the Dry Creek (Red 
Mountain) volcanic-hosted massive sulfide (VMS) deposit, Alaska. 
 
2. The Silesia-Cracow (SC) Mississippi Valley-Type (MVT) District, Poland 
 
The SC District, Poland comprises a number of lead-zinc deposits in which spectacularly varicolored sphalerite 
(ZnS) growth bands are associated with massive galena (PbS) and marcasite (FeS2) as illustrated in Fig. 2a. Early 
studies identified substantial variations in trace element concentrations in banded sphalerite1 and new LA-ICPMS 
analyses confirm this observation (Figure 2b). These trace element variations are correlated throughout the District 
and imply complicated fluid chemistry and probably complex hydraulic pathways. A few early studies2 with 
relatively coarse resolution (micro-drilling) suggested that S isotopes provide insight into fluid chemistry and 
hydraulic connectivity between deposits. Here we report preliminary data for a new study that is developing a highly 
detailed S isotope stratigraphy between deposits. Earlier limited studies suggested that the  δ34S range from the 
Pomorzany mine (1- 11 ‰) were distinct from the Olkusz mine ( (13- 15  ‰; Fig. 3a). New LA-MC-ICPMS data 
for individual sphalerite growth bands from Pomorzany (10-17‰) show that the S isotopes for light bands overlap 
the Olkusz data (Fig. 3b). Thus, there may have been hydraulic connectivity between the two mines involving fluids 
with a similar wide range of S isotope compositions. 
 
3. Dry Creek (Red Mountain) Dry Creek Volcanic-Hosted Massive Sulfide (VMS) Dry Creek Deposit, Alaska 
 
The Dry Creek VMS deposit is hosted in a peralkaline rhyolite-argillite-mudstone sequence within the Bonnifield 
Mining District in east-central Alaska3. The ore minerals include three types of pyrite (framboidal, spongey, 
euhedral), sphalerite, galena, chalcopyrite (CuFeS2), tetrahedrite ([Cu,Fe]12 Sb4S13), and  arsenopyrite (FeAsS). The 
ore paragenesis is complex and we have carried out a detailed S isotope study using LA-MC-ICPMS at spatial 
resolution down to 25 microns. The data show a remarkable spread in S isotope values from -49 per mil to +25 per 
mil (Fig. 4). 
 
 
Fig. 1. (a) δ34S in per mil units measured for three different pyrite grains by SIMS (yellow) and LA-MC-ICPMS (red) (b) pseudo-medium 
resolution scan showing separation of  33S and 34S  from O dimers. 
b 
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 We interpret these data to indicate the following: (1) strongly negative δ34S is probably sourced from H2S in 
anoxic pore waters; (2) δ34S near zero per mil is probably sourced from disproportionated SO2 from peralkaline 
magmas; (3) strongly positive δ34S values are probably sourced from H2S in anoxic bottom waters under closed-
system conditions; and (4) δ34S of ~21 per mil are probably sourced from SO4 in 360 Ma seawater. 
 
 
 
Fig. 2. (a) Sample from Pomorzany mine, Poland. The sample (right) is 10 cm by 6 cm. Details of banded sphalerite (left); (b) Trace element data 
for individual color bands of sphalerite, shown on x-axis, versus concentration for Ag, Cd, Hg, Pb, Sb, and Tl measured by laser ablation ICP-
MS. 
Fig. 3. (a) δ34S data based on micro-drilling of banded sphalerite; (b) new LA-MC-ICPMS data for individual sphalerite bands. 
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Fig. 4. Comparison of δ34S values in various sulfide phases as shown to the right. The individual values are color coded depending upon their  
host rock type. 
 
4. Summary 
 
LA-MC-ICPMS is a powerful tool in economic geology for measurement of the spatial distribution of S isotopes in 
solid phases. Data for two deposit types demonstrate that previous studies using techniques with a coarser spatial 
resolution need to be revised in terms of sources of mineralizing fluids and potential hydraulic connectivity between 
deposits. 
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